Attachment A
Map(s) and Area of Review
Application for Class Ill Underground Injection Control Permit

Florence Copper Project
Florence Copper Inc.

Revised February 2022



Table of Contents

List of Tables

List of Figures

List of Exhibits

Al INTRODUCTION

Part I.Well Location(s)

A2 AREA PERMIT WELL LOCATIONS (40 CFR § 144.33)

A21
A.2.2
A.2.3
A24

Part Il.

AOR Background

Currently Authorized AOR (UIC RQUIC-AZ3-FY11-1)
Previously Authorized AOR (UIC AZ396000001)
Proposed AOR

A.2.4.1 PTFAOR as an Analog

Area of Review Size Determination (40 CFR § 146.6)

A3 METHOD OF CALCULATION

A3l

A3.2

Part Ill.

MODFLOW Groundwater Flow Equation

A.3.1.1 Groundwater Flow Model

A.3.1.2 Updated Model Simulations (2019)
Model Results

A.3.2.1 2012 PTF Model Simulations

A.3.2.2 2019 ISCR Perimeter Model Simulations

Map(s) (40 CFR §§ 144.31 & 146.34)

A4 WELLS AND CORE HOLES IN THE VICINITY OF THE FCP SITE

Page

(<)} U uhd wWweR

00 00N O

11
11
11

15

15

Part IV. Area of Review Wells and Corrective Action Plans (40 CFR §§ 144.55

& 146.34) 16
A.5  WELLS AND CORE HOLES WITHIN THE PROPOSED AOR 16
A6  CORRECTIVE ACTION 17
Part V. Landowners Information (40 CFR § 144.31 and Part 147) 17
A.7  LANDOWNER INFORMATION 17
A.8  REFERENCES 18



List of Tables

Table No.

A-1
A-2
A-3
A-4

A-5
A-6

A-7
A-8
A-9

List of Figures

Figure No.

A-1
A-2
A-3
A-4
A-5
A-6
A-7
A-8
A-9
A-10
A-11
A-12

Title

PTF Class Ill Well Summary
2012 PTF Groundwater Model Results for Specified Injection Scenarios
2019 Updated Groundwater Model Results for Specified Injection Scenarios

Information for Wells Within 1.0 Miles of the Pollutant Management Area
Occurring Outside the FCP Property Boundary

Information for Wells within the FCP Property Boundary

Existing Class Ill Wells (BHP Test Wells) Within the Area of Review Proposed for
Abandonment

Information for All Non-Class Ill Wells in the Area of Review
Open Coreholes that Penetrate the Proposed Injection Zone

List of Landowners Within % Mile of the FCP Site

Title

Proposed Area of Review

Planned Wellfield Development Sequence

Proposed Class Ill Well Locations

Cross Sections, NW Injection Well, 48 Hours Injection With No Extraction
Cross Sections, NW Injection Well, 30 Days Injection With No Extraction
Cross Sections, NE Injection Well, 48 Hours Injection With No Extraction
Cross Sections, NE Injection Well, 30 Days Injection With No Extraction
Cross Sections, SE Injection Well, 48 Hours Injection With No Extraction
Cross Sections, SE Injection Well, 30 Days Injection With No Extraction
Cross Sections, SW Injection Well, 48 Hours Injection With No Extraction
Cross Sections, SW Injection Well, 30 Days Injection With No Extraction

Cross Sections, Sidewinder Fault Injection Well, 48 Hours Injection With No
Extraction



List of Figures (continued)

Figure No.

A-13

A-14
A-15
A-16
A-17
A-18
A-19
A-20

List of Exhibits

Exhibit No.

A-1

A-3
A-4
A-5
A-6

A-8

Title

Cross Sections, Sidewinder Fault Injection Well, 30 Days Injection With No
Extraction

Existing Wells Within 1 Mile of FCP Property Boundary

Existing Wells Within Area of Review

Existing Core Holes Within Area of Review

Proposed Fault and USDW Monitoring Well Locations

Planned Rinsing Sequence

Typical Observation and Perimeter Well Configuration

Typical Hydraulic Control During Rinsing With Active Leaching Ongoing

Title

GIS Files

A-1a — Particle Tracking Results

Technical Memorandum Regarding Model Update
Electronic Model Files

PTF Well and Corehole Abandonment Records

PTF Well Construction Records

BHP Class Ill Well Cement Records

Non-Class Ill Wells Within AOR Construction Records
2012 Groundwater Flow Model

A-iii



Application for Class lll Underground Injection Control Permit
Florence Copper Project

Attachment A: Map(s) and Area of Review

A.l INTRODUCTION

This Attachment describes the planned injection well locations, the proposed Area of Review (AOR) and
related features, and the means for determining the AOR.

This Attachment has been prepared in support of an application (Application) by Florence Copper Inc.
(Florence Copper) to the U.S. Environmental Protection Agency (USEPA) for an Underground Injection
Control (UIC) Class Il Area Permit for the planned In-Situ Copper Recovery (ISCR) facility at the Florence
Copper Project (FCP) in Pinal County, Arizona. With this Application, Florence Copper seeks
authorization to construct and operate a commercial-scale ISCR facility at the FCP site. Florence Copper
proposes to incorporate the currently operating, 2-acre, Production Test Facility (PTF) into the proposed
broader full-scale ISCR facility at the FCP site. The proposed full-scale ISCR facility is approximately

212 acres in size and corresponds to the size and location of the ISCR facility proposed when UIC Permit
AZ39600001 was issued in 1997. With this Application, Florence Copper seeks authorization to
construct and operate a commercial-scale ISCR facility at the FCP site.

Partl. Well Location(s)

Florence Copper proposes to recover copper from copper oxide mineralization of the Poston Butte ore
body by development and operation of a commercial-scale ISCR well field at the FCP site. The planned
ISCR well field will be developed within the 212-acre mineral resource area (ISCR area) identified as the
“mine zone” in the aquifer exemption that the USEPA granted on 1 May 1997 in conjunction with UIC
Permit AZ39600001 which was issued to BHP Copper, Inc. (BHP). The BHP mineral resource area and
previously authorized AOR are described further below. The aquifer exemption is described in
Attachment H of this Application and is shown with the ISCR area on Figure A-1. The proposed ISCR well
locations are described below.

A.2 AREA PERMIT WELL LOCATIONS (40 CFR § 144.33)

This application is for an area UIC Permit; consequently, the well locations described herein are
described on an area basis. The 212-acre ISCR area has been divided into resource blocks for planning
purposes; however, it should be noted the size and orientation of the resource blocks may be altered in
the future as necessary to accommodate planning changes and operational conditions. Each resource
block measures approximately 500 feet by 500 feet and has an area of 5.7 acres. The estimated
injection zone is between approximately 450 feet below ground surface (bgs) to 1,400 feet bgs. The size
of the resource blocks will also be varied to accommodate site features and resource boundaries.
Approximately 60 injection and recovery wells will be installed in each full resource block. Each well
installed in the ISCR area will be constructed using a standard design because each well will serve
multiple purposes during the life of the facility. ISCR wells will be used for injection, recovery,
observation, or perimeter hydraulic control. The injection and recovery wells will be arranged in a

A-1



Application for Class Il UIC Permit Attachment A: Map(s) and Area of Review
Florence Copper Project

five-spot pattern that effectively surrounds each injection well with four recovery wells. The pattern will
be repeated throughout the resource block areas and the ISCR area. Groups of ISCR wells will be
brought online within each resource block as wells are constructed and the necessary infrastructure is
completed. Each resource block will be developed incrementally with three or more groups of ISCR
wells. Hydraulic control will be maintained throughout the active ISCR wellfield, including newly added
groups of wells within the respective resource blocks. Well construction procedures and design details
are described in Attachment C of this Application.

Approximately 1,765 Class Il injection and recovery, 90 perimeter, and 45 observation wells will be
installed and closed at the FCP site over the course of the planned 22-year project life. Resource blocks
and operational units will be developed, operated, and closed as per the operating plan.

The planned resource blocks are numbered based on the site-wide resource model developed to
evaluate mineralization and plan ISCR well field development. The resource blocks, block numbers, ISCR
area, proposed AOR, and Aquifer Exemption Boundary are shown on Figure A-1. The planned sequence
of well field development by year is shown on Figure A-2. ISCR wells will be brought online
incrementally in groups within each resource block as well construction and supporting infrastructure is
completed. Planned ISCR well locations are shown on Figure A-3. Coordinates and injection zone depth
information for each of the proposed new ISCR wells is provided in Tables E-1 through E-50.

The existing PTF ISCR wells authorized by UIC RQUIC-AZ3-FY11-1 are currently in operation and are
directly incorporated into the well field configuration shown on Figure A-3. The well spacing and
pattern shown on Figure A-3 reflects continuation of the well spacing and pattern applied at the PTF
well field as an example. The exact spacing and configuration of the well field may evolve over time to
optimize performance, but hydraulic control will be maintained in all circumstances. The PTF ISCR wells
are listed in Table A-1.

Figure A-19 shows the typical configuration of the ISCR wellfield, perimeter, observation, and POC wells
during the first year of planned ISCR operations. As shown on Figure A-19, there are a greater number
of POC wells down gradient of the ISCR wellfield, which is appropriate both for monitoring groundwater
quality and for supporting analysis of hydraulic control. The natural groundwater flow direction is
toward the northwest, and results in natural inward groundwater flow on the southeastern side of the
ISCR wellfield. On the northwestern or down gradient side of the wellfield the greater number of POC
wells will be used to demonstrate that pumping conducted in the ISCR wellfield has overcome the
regional groundwater flow gradient. As the wellfield expands in subsequent years, the perimeter and
observation wells will move outward, maintaining the same spacing as shown on Figure A-19.

Figure A-20 depicts the typical hydraulic control configuration that will be employed during periods of
time when rinsing and active ISCR operations are ongoing simultaneously. As described in our response
dated 14 September 2020, the active ISCR wellfield is defined as the area where injection, recovery,
observation, and perimeter wells have been installed and are in use for injection, recovery, rinsing, or
water level observation. ISCR wells that are undergoing rinsing remain subject to the requirement of
hydraulic control.
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During the life of the facility, there will be periods of time when rinsing is ongoing in areas that are
proximal to active copper recovery operations. In these instances, Florence Copper will continue to
maintain hydraulic control at the perimeter of the active ISCR wellfield, including both the areas
undergoing active copper recovery and rinsing.

The buffer zones between rinsing areas and active copper recovery areas will ensure that both
processes continue without mutual interference. This strategy includes the use of one or more rows of
resting wells, and/or injection of fresh water between the active copper recovery areas and the rinsing
area. All of the wells actively undergoing active copper recovery, rinsing, and resting will be located
within the hydraulic control perimeter.

Figure A-20 shows the hydraulic control configuration during a typical rinsing period. This period of
wellfield operations includes active rinsing wells and active ISCR operations in other areas of the
wellfield. As shown on the Figure, the rinsing area and the active ISCR area both exist within the
hydraulic control perimeter and are separated by two rows of wells that are resting or being used for
freshwater injection.

As rinsing is completed and the rinsed ISCR wells are prepared for closure, the hydraulic control
perimeter will advance to the edge of the active rinsing area. Florence Copper will maintain hydraulic
control of the active ISCR wellfield which includes wells in use for injection, recovery, and rinsing until
the rinsed wells are approved for closure.

Geographic Information System files with the proposed ISCR wells, existing PTF ISCR wells, ISCR area,
and AOR are provided in electronic format as Exhibit A-1.

A.2.1 AOR Background

The FCP site currently has one active AOR authorized under UIC ROUIC-AZ3-FY11-1, which is held by
Florence Copper, and formerly had an AOR authorized under UIC AZ396000001 when that permit was
held by BHP. Florence Copper has constructed a pilot-scale ISCR facility at the FCP Site referred to as the
PTF and is operating it within an AOR authorized by UIC ROUIC-AZ3-FY11-1. BHP, a previous owner of
the FCP site, also historically operated a pilot-scale ISCR facility within a commercial-scale AOR
authorized by UIC AZ396000001. UIC AZ396000001 was superseded in 2016 with the issuance of UIC
ROUIC-AZ3-FY11-1, and the commercial-scale AOR was replaced by the currently authorized PTF AOR.
The currently authorized PTF AOR lies within the area of the formerly authorized commercial-scale AOR.

With this application, Florence Copper seeks authorization to conduct commercial-scale ISCR operations
within an AOR that is identical to the one previously authorized under UIC AZ396000001. The existing,
historical, and proposed AORs are described in detail below.

A.2.2 Currently Authorized AOR (UIC R9UIC-AZ3-FY11-1)
The PTF ISCR well field is approximately 2 acres in size and features four injection wells, nine recovery
wells, and seven observation wells in the active well field area. Each of these wells are constructed to

Class lll injection well standards. Additional operational monitoring, supplemental monitoring, and
point-of-compliance (POC) wells are located beyond the active ISCR well field area. The PTF well field is
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limited to a maximum injection rate of 240 gallons per minute (gpm) distributed across the four
injection wells, resulting in a typical injection rate of approximately 60 gpm per well. The actual
injection rate varies from well to well based on operational conditions but does not exceed 240 gpm.

The PTF AOR extends a horizontal distance of 500 feet from the outermost ISCR wells of the PTF well
field. The AOR was established based on evaluation of site-specific geologic and hydrologic data,
groundwater model simulations, and evaluation of testing and analyses conducted within the ISCR area
by BHP. Florence Copper used the groundwater model to validate the earlier analyses conducted by
BHP when they established the AOR for their planned commercial-scale ISCR operations.

During the UIC permit application process for the PTF, Brown and Caldwell (2012) used a groundwater
flow model to evaluate the earlier 500-foot AOR selected by BHP. The groundwater model simulations
showed that the circumscribing 500-foot AOR, combined with site geologic characteristics, provided
protection against migration of formation fluids or injected fluids into Underground Sources of Drinking
Water (USDW) during ISCR operations. This AOR was considered conservative with respect to
protection of USDWs because it provided a factor of safety of between 3.5 and 5 times the actual
distance that injectate might migrate under worst-case conditions at the average planned injection rate
of 60 gpm per well.

The 500-foot circumscribing AOR was subsequently authorized at the PTF ISCR well field with the
issuance of UIC R9UIC-AZ3-FY11-1. Florence Copper is currently conducting ISCR operations at the PTF
well field and monitoring groundwater quality both within the AOR and at the down-gradient edge of
the AOR. The PTF AOR is shown on Figure A-1.

A.2.3 Previously Authorized AOR (UIC AZ396000001)

BHP planned to recover copper from the Poston Butte ore body by conducting commercial-scale ISCR
operations at the FCP site and establishing the mineral resource area based on mineralogical
characterization data. The mineralogical data relied on by BHP included data developed by each of the
previous site owners and additional analyses conducted by the BHP team. The mineral resource area
was defined as the 212-acre area containing soluble copper oxide mineral resources of an appropriate
grade to support ISCR operations. In preparation for commercial ISCR operations, BHP applied for a UIC
permit covering the proposed mineral resource and proposed an AOR that included the mineral
resource and a circumscribing horizontal area extending 500 feet beyond the ISCR area.

BHP established an AOR that extended horizontally 500 feet from the mineral resource area, based on
formation characteristics defined by extensive aquifer testing and groundwater model simulations. The
BHP AOR is shown on Figures A-1, A-2, and A-3. The 500-foot circumscribing AOR was authorized when
UIC AZ396000001 was issued in 1997 and BHP subsequently initiated a hydraulic control test. The
purpose of the hydraulic control test was to demonstrate that hydraulic control could be maintained
during ISCR operations within the Poston Butte ore body. The test commenced in the fall of 1997 and
extended into 1998. The test was conducted at a pilot-scale well field located within the planned
commercial-scale ISCR area, and within the commercial-scale AOR.

The hydraulic control test was successful; however, BHP did not proceed with commercial ISCR

operations. Documentation detailing successful hydraulic control and USEPA approval of cessation of
hydraulic control after formation rinsing is included in Exhibit B-3.
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The BHP AOR was also coterminous with the Aquifer Exemption granted with the issuance of
UIC AZ396000001, and which remains authorized in conjunction with UIC ROUIC-AZ3-FY11-1. The
Aquifer Exemption is described in Attachment H of this Application.

A.2.4 Proposed AOR

Florence Copper proposes an AOR that is the same size, dimension, and location as the AOR formerly
authorized by UIC AZ396000001. The planned ISCR area and well field proposed by Florence Copper is
designed to develop the same 212-acre coper oxide mineral resource area for which the USEPA issued
UIC AZ396000001 to BHP in 1997. The proposed AOR would extend 500 feet beyond the planned ISCR
well field area and coincides with the boundary of the aquifer exemption granted by the USEPA in 1997
in conjunction with UIC AZ396000001. The proposed AOR is shown on Figures A-1 and A-2. The method
for determination of the size of the AOR is described below.

The proposed Class Il wells to be constructed within the AOR are listed in Attachment E, Tables E-1
through E-50 of this Application. The Class Il wells currently existing within the AOR and proposed for
continued use (PTF ISCR wells) are listed in Table A-1.

A2.4.1 PTF AOR as an Analog

The PTF ISCR well field was constructed and operated to demonstrate the feasibility of recovery of
soluble copper from the Poston Butte ore body using the ISCR method, and to validate the method of
hydraulic control and protection of USDWSs. Consequently, the PTF ISCR well field was designed as direct
analog reflecting the planned commercial-scale ISCR facility.

The PTF well depths, well spacing, injection zone length, and per-well flow rates are the same as those
planned for commercial ISCR operations. Similar to planned commercial-scale ISCR wells, the PTF wells
fully penetrate the Bedrock Oxide Unit and are screened no higher than 40 feet below the top of the
Bedrock Oxide Unit. The only difference between the PTF well field and the planned commercial-scale
ISCR well field is that well lengths will vary based on the thickness of the Bedrock Oxide Unit at each well
location. Where the Bedrock Oxide Unit thins, the ISCR well injection intervals will be shorter, and
where the unit is thicker, the injection intervals will be longer. In all cases, the commercial-scale ISCR
wells will not be screened higher than 40 feet below the top of the Bedrock Oxide Unit. Hydraulic
control will be maintained at the ISCR well field from the time that injection begins until the time that
groundwater quality is restored to levels that meet closure criteria specified in Aquifer Protection Permit
(APP) No. P-101704 and the UIC Permit.
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Hydraulic control consists of a pumping program that withdraws more fluid than is injected, thereby
creating a cone of depression which induces flow of groundwater into the well field from all sides. This
is achieved by pumping recovery wells at an aggregate rate greater than the aggregate rate of injection
on a daily basis. Section 3.4.2.3 of the Arizona Best Available Demonstrated Control Technology
(BADCT) Manual identifies a cone of depression as appropriate BADCT design element for in-situ
leaching operations. Section 3.5.3.1 of the BADCT manual further identifies the method to create the
cone of depression as a discharge control as follows:

“Pumping to create a cone of depression to contain, capture and recycle solutions.
Recovery wells should be pumped at a rate greater than the injection rate in order to
maintain a cone of depression;”

Aquifer testing conducted at the PTF well field prior to the commencement of injection demonstrated
that the cone of depression generated by net-groundwater extraction within the ISCR area can reliably
and measurably induce a cone of depression that extends out to a distance of at least 500 feet beyond
the edge of the well field. Monitoring conducted since PTF operations began has demonstrated that the
operational cone of depression extends at least 500 feet beyond the edge of the PTF well field. These
facts are significant because they indicate that the design feature intended to “contain, capture and
recycle” ISCR solutions as contemplated by BADCT extends as far as 500 feet from the active ISCR well
field. Consequently, this is the area beyond the edge of the ISCR well field from which extraction from
the ISCR well field will draw fluid toward the ISCR well field. In conceptual terms, this is also the area
where an excursion of injected fluid would travel, if hydraulic were disrupted, and hydraulic influence
from the ISCR well field would draw the excursion back toward the well field once hydraulic control was
re-established.

Partll. Area of Review Size Determination (40 CFR § 146.6)

The size of the AOR is established by the distance between the point of injection and the outer boundary
of the AOR. The AOR distance is defined in 40 CFR § 146.6 as either a fixed radius of % mile or a linear
distance described as the “zone of endangering influence” (ZEl). The ZEl is the lateral distance from the
point of injection in which the pressures in the injection zone may cause the migration of injected
solutions or formation fluid into a USDW. The distance of the ZEl is a calculated value. Consistent with
the previously established AORs at FCP’s site, described above, Florence Copper has elected to use a
calculation method to establish the ZEl and corresponding AOR. The method of calculation is described
below.

A3 METHOD OF CALCULATION

As defined in 40 CFR § 146.6, the AOR may be calculated using the Theis (1935) equation or other
mathematical model that calculates the radial distance of injection impacts emanating from a single
injection well. The Theis equation is a mathematical function designed to represent transient well
impacts in a confined aquifer system, and is limited to a radial, or two-dimensional, representation of
groundwater conditions. The Theis method has limited application when considering the impact of
injection within a multi-layer, confined to semi-confined aquifer system such as occurs at the FCP
property.
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For these reasons, Florence Copper has chosen a different mathematical model that is more appropriate
for site conditions and which represents industry standard methods for the calculation of groundwater
flow. The selected method consists of a combination of MODFLOW (Harbaugh, et. al., 2000), a three-
dimensional groundwater flow model, and MT3D (Zheng, 1990), a 3-D solute transport model.
Combined, these two modeling tools can be used to predict how far injected solutions may travel during
a hypothetical excursion.

Although MODFLOW and the Theis equation employ different mathematical methodologies to estimate
the flow of groundwater, they are both based upon the same fundamental flow equation describing
hydraulic head in a confined aquifer system. Due to the common basis for both MODFLOW and the
Theis equation, the methods will produce similar results provided that the assumptions applied to each
calculation are consistent. Given the relatively complex hydrogeologic setting at the FCP property, the
MODFLOW code coupled with the MT3D solute fate and transport code were selected to estimate the
linear extent of migration of injected fluids during a hypothetical excursion from the ISCR well field.

A.3.1 MODFLOW Groundwater Flow Equation

The MODFLOW code is a computer based, finite-difference mathematical model designed for the
purpose of calculating three-dimensional groundwater pumping and injection impacts in various types
of aquifers. The finite-difference approximation assumes that all hydraulic parameters, stresses, and
inputs are constant over the area of a single cell and over the time elapsed during a stress period.
Likewise, calculated hydraulic head and groundwater fluxes are also averaged over the areal extent of a
single cell. Application of the model requires the definition of boundary and initial conditions, estimates
of key hydraulic parameters, and definitions of groundwater inflows and outflows as a function of time.

The governing equation for MODFLOW is presented below. It is the partial-differential equation of
groundwater flow as given in McDonald and Harbaugh (1988):

;—x(Kxxg—Z) +:—y(KyyZ—Z) +%(KZZZ—:) + W= SS?}_}:
Where,

* Kxx, Kyy, and Kzz are values of hydraulic conductivity along the x, y, and z coordinate axes,
respectively, which are assumed to be parallel to the major axes of hydraulic conductivity
(Length/Time);

* histhe potentiometric head (Length);

e W is a volumetric flux per unit volume representing sources and/or sinks of water, with W<0.0
for flow out of the ground-water system, and W>0.0 for flow in (Time 2);

* Ssis the specific storage of the porous material (Length™); and

° tisTime.
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The hydraulic conductivity values represented in the equation reflect the primary, three-dimensional
flow directions for a finite difference model. The “x” and “y” dimensions effectively represent flow in
the plan view and are analogous to the dimensions of results from the Theis equation. The “z”
dimension represents vertical groundwater flow and potential hydraulic impacts.

A.3.1.1 Groundwater Flow Model

Florence Copper prepared a MODFLOW based groundwater flow model representing geologic
conditions and hydraulic characteristics at the FCP site. The groundwater model was originally created
by Brown and Caldwell (2012) and was used to simulate fluid migration under a range of simulated
conditions. The model was updated in 2019 to incorporate pumping and water level data from 2010
through 2017, and to incorporate hydraulic parameters for the Bedrock Oxide Unit developed from
pump tests and geophysical logging conducted at the PTF well field.

The MODFLOW model was constructed using hydrostratigraphic unit thicknesses and hydraulic
parameters measured during studies conducted at the FCP site, which are described in Attachment B of
this Application. The model construction included ten layers representing the Upper Basin Fill Unit,
Middle Fine-Grained Unit, Lower Basin Fill Unit (LBFU), the exclusion zone (uppermost 40 feet of the
Bedrock Oxide Unit), and the Bedrock Oxide Unit. In the model, the LBFU was allowed to be in hydraulic
communication with the Bedrock Oxide Unit. In accordance with permit requirements, the model
excludes the uppermost 40 feet of the Bedrock Oxide Unit from injection.

Specifically, the original model used a range of porosity and hydraulic conductivity values developed
from more broadly distributed testing to determine approximate distances of injected fluids if injection
were to continue following loss of hydraulic control. Porosity values ranged between 5 and 20 percent,
and hydraulic conductivity values ranged between 0.1 and 130 feet per day for each of the model layers,
and up to 40 feet per day in the primary fault zones. At the request of the USEPA, model scenarios were
run to determine the extent of fluid migration during a worst-case scenario where a single well injected
for 30 days with no hydraulic control. The horizontal extent of migration results was used to evaluate
the proposed AOR. The results of the model simulations remain directly applicable to the proposed
commercial-scale ISCR facility. Results of those model simulations are listed in Table A-2.

A.3.1.2 Updated Model Simulations (2019)

The Brown and Caldwell (2012) groundwater model incorporated hydraulic properties for each of the
hydrostratigraphic units and the Bedrock Oxide Unit that were derived from aquifer tests conducted
prior to the construction of any ISCR wells at the FCP site. The aquifer tests conducted by Brown and
Caldwell and analyzed by Golder (1995) included representative tests conducted across the FCP site
(Attachment B, Exhibit B-2 of this Application). However, none of the tests were conducted at ISCR wells
(either pumping or observation) that fully penetrated the planned injection zone. The aquifer tests
included a broad range of locations and depths and represented the full range of potential aquifer
properties at the FCP site, and thus were a suitable starting point for the Brown and Caldwell (2012)
groundwater model.

A-8



Application for Class Il UIC Permit Attachment A: Map(s) and Area of Review
Florence Copper Project

In order to develop additional hydraulic data representative of the injection zone, UIC ROQUIC-AZ3-FY11-1
required that Florence Copper run neutron logs at selected PTF wells to measure porosity within the
planned injection zone and update the groundwater model to reflect the measured values. The porosity
values previously applied in the groundwater flow model are comparable to the average of the
measured porosity values using neutron logging. The porosity values applied in the model for the
Bedrock Oxide Unit layers range from 5 to 8 percent and are representative of the oxide unit porosity
values calculated from neutron data. However, the porosity values calculated for the alluvial units were
slightly lower but still representative of values determined by previous site-wide testing. The resulting
calculated porosity values align very closely with those previously used in the model. A summary of the
neutron logging results is included in Table B-4 of Attachment B of this Application. The neutron logging
results are also summarized in the pre-operational report included as Attachment B, Exhibit B-6 of this
Application.

Florence Copper also conducted aquifer tests at the PTF prior to commencement of injection to develop
hydraulic conductivity values representative of the planned injection interval. The aquifer test results
generated from PTF wells are described in the aquifer testing report included in Attachment B,

Exhibit B-5 of this Application. The hydraulic conductivity values derived from aquifer tests conducted at
the PTF well field are summarized in Attachment B, Table B-3 of this Application. The mean hydraulic
conductivity value used for the Bedrock Oxide Unit in the original groundwater model was 0.57 feet per
day, and the mean hydraulic conductivity value derived from the PTF aquifer tests was 0.54 feet per day.
This means that original average hydraulic conductivity derived from the Golder (1995) aquifer test
analyses were representative of conditions in the planned injection zone.

Haley & Aldrich, Inc. (Haley & Aldrich) incorporated the hydraulic properties derived from pre-
operational testing of the PTF wells into a revised version of the Brown and Caldwell (2012)
groundwater flow model. The model update is described in a Technical Memorandum included in
Attachment B, Exhibit B-6 of this Application. Aquifer tests conducted at the PTF well field prior to
commencement of ISCR operations included at least one test conducted at a well (R-03) that is
projected to intersect the Sidewinder fault. Two additional wells are projected to possibly intersect the
Sidewinder fault at greater depth and for a shorter portion of the well bore. No corresponding
difference in hydraulic conductivity was observed at the wells which intersected the Sidewinder fault
zone due to the extent of formation fracturing. Consequently, at the scale of the planned ISCR well
spacing, the observed faults do not represent either flow barriers or conduits. The results of the PTF
pre-operational testing are included in Attachment D, Exhibit D-4, of this Application.

The Sidewinder and Party Line faults have been rendered in the groundwater flow model used to
evaluate the AOR and were derived based on core log information. The Sidewinder and Party Line faults
rendered in the updated groundwater model were conservatively assigned a hydraulic conductivity ten
times that of the surrounding oxide zone to simulate the potential for them to act as conduits even
though there is no evidence of such characteristics based on actual available data.

After updating the model, Haley & Aldrich performed three model runs to assess the sensitivity to
potential variability of key hydraulic properties that may affect the transport extent of residual sulfate in
the ISCR area after the mining operations. The analyses were performed using particle tracking to
evaluate the relative transport distances during the simulation period. The particles were initially placed
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in model layer 7 (the layer right below the exclusion zone) near the western and northern boundary of
the ISCR area. The hydraulic and transport parameters used for this sensitivity assessment are based on
the parameters documented in the updated modeling report. The main assumption tested by this
analysis is the degree to which the fault zone which transects the PTF wellfield constitutes a preferential
pathway at different hydraulic conductivity and porosity values.

The results of the sensitivity evaluation are provided in Exhibit A-1a. Panel (a) of Exhibit A-1a shows the
migration extent to be slightly more limited in comparison to the migration extent shown in Figure 3 of

the model update report (Exhibit A-1) because the extent in Figure 3 was simulated using MT3D, which

includes the solute dispersion effects.

Panel (b) of Exhibit A-1a shows the migration extent when the hydraulic conductivity value for the fault
zone is decreased to 0.57 feet per day, which is the same as the value used for the upper oxide layers
(model layers 7 and 8). This assessment is important because the extensive aquifer testing program
conducted in the PTF area in 2018 resulted in a set of very consistent hydraulic conductivity values for
well pairs separated by various distance, aligned in various orientations, and transecting the fault.
Analysis of the aquifer testing data did not indicate a higher permeability feature in the oxide zone
(Appendix A of the pre-operational report is included in Exhibit B-6 of the Application). Without a
continuous permeable fault zone as assumed in Panel (a), the migration extent is very limited. The
comparison between Panels (a) and (b) shows the contribution of assumed fault zones on solute
migration for 30 years.

Panel (c) of Exhibit A-1a shows the sensitivity of the transport porosity values on the migration extent.
The transport porosity was reduced by 20 percent for all zones in model layers 5, 6, and 7. A 20 percent
decrease in transport porosity increases the solute migration extent because the migration extent is
inversely proportional to transport porosity. Otherwise, the overall migration trend remains the same.
The farthest particle migration is shown in Panel (c) and is approximately 600 feet further away in
comparison to the furthest particle migration shown in Panel (a) of Exhibit A-1a.

A decrease in porosity was used for sensitivity analysis because it is an adjustment that will cause fluid
to migrate further in a given period of time, thus conservatively depicting the effects of porosity on fluid
migration. A decrease in the porosity value has the effect of forcing a fixed quantity of water through
smaller openings in the formation, thereby increasing groundwater flow velocity and increasing the
distance that fluid may migrate in a given period of time. By contrast, increasing the porosity slows
groundwater flow velocity and reduces the distance of fluid migration. Adjusting the porosity
downward provides a conservative representation of conditions that may cause fluid to migrate further
than expected.

A 20 percent porosity reduction was selected for the sensitivity analysis because it is a large enough
variation to notably perturb the model, providing visual discernment for the extent of additional
migration of solution in comparison with the baseline case. The sensitivity analysis approach is
consistent with sensitivity analysis procedures described in Applied Groundwater Modeling Simulation of
Advective Flow and Transport, Anderson and Woessner (1992).
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The final updated model configuration included a porosity value of 0.12 for model layers 1 through 5
(basin fill); a porosity value of 0.08 for model layers 6 through 10 (oxide layers); and a porosity value of
0.2 for the faults (Exhibit B-5). The hydraulic conductivity value assigned to the fault was ten times the
calculated value derived from the PTF wellfield aquifer tests.

The model was subsequently used to evaluate fluid migration beyond the commercial-scale well field
based on worst-case scenarios similar to those simulated for the PTF well field using the actual hydraulic
properties measured in the planned injection zone. Results of the groundwater modeling effort are
described below. A technical memorandum describing the model update is included in Exhibit A-2 and
electronic model files are included in Exhibit A-3.

A.3.2 Model Results
A3.2.1 2012 PTF Model Simulations

The 2012 groundwater model was used to simulate the distance of horizontal migration of fluid from
one injection well injecting at the design injection rate, with no hydraulic control. At the request of the
USEPA, a range of aquifer parameters were applied to evaluate potential worst-case scenarios. The
maximum distance of migration resulting from those model simulations are provided in Table A-3.

As described above, the hydraulic and formation properties measured at the PTF well field were within
the range of values simulated in the 2012 groundwater flow model. Also, as noted above, the PTF wells
were constructed to fully penetrate the planned injection zone, are screened throughout the planned
injection zone, and were pumped at rates similar to those anticipated for ISCR operations. The wide
range of attributes simulated in the 2012 model simulations includes those of the injection zone at PTF
wells. Consequently, the PTF is a valid analog for the proposed ISCR operations and 2012 model
simulations are representative of worst-case scenarios at that location and similar locations throughout
the commercial-scale ISCR area.

A.3.2.2 2019 ISCR Perimeter Model Simulations

Following the 2019 groundwater model update, Haley & Aldrich ran model simulations to evaluate the
potential distance of migration of injected fluids at selected locations along the perimeter of the
planned ISCR area. The selected locations were widely spaced apart from one another to allow
evaluation of injection zone differences reflected in the model construction. One injection well was
placed in each corner of the ISCR area and one additional injection was placed in the Sidewinder fault
where it crosses the northern boundary of the ISCR area. The wells are identified as NW Injection Well,
NE Injection Well, SW Injection Well, SE Injection Well, and Sidewinder Fault Injection Well. The
Sidewinder Fault Injection Well penetrates the fault in model layer 7, just below the exclusion zone in
the Bedrock Oxide Unit. The NW Injection Well penetrates the Sidewinder fault in model layer 10, near
the base of the Bedrock Oxide Unit.

The effects of faults on the groundwater model results are described in the model update report

included in Exhibit B-5 of the Application. Figure 3 of the model update report shows the aggregate
effects of preferential flow through two major faults, based on hydraulic conductivity values set at 6 feet
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per day under ambient flow conditions with no recovery pumping. This hydraulic conductivity is

10 times higher than the representative hydraulic conductivity values used for the oxide bedrock layers.
No noticeable effects of fault zones, large or small, on hydraulic conductivity and horizontal anisotropy
of the formation were observed during the pumping tests conducted at the PTF wellfield (Appendix A of
Exhibit B-6). Previous modeling results have shown that the impacts of potential flow through faults
during ISCR operations are controlled by balanced recovery pumping. Model simulations of the PTF
wellfield show that even if faults are assigned a high hydraulic conductivity, if both injection and
recovery wells penetrate the fault, hydraulic control is maintained.

The Bedrock Oxide Unit thins on the eastern edge of the ISCR area and thickens to the west. Where the
injection zone thins, the injection rate was reduced below 60 gpm and was set at a value of 0.15 gpm
per foot of injection zone. Due to variation in the thickness of the Bedrock Oxide Unit, this adjustment
must be applied where the injection zone is less than 400 feet in thickness. Where the injection is
thicker than 400 feet, the injection rate was maintained at 60 gpm. The injection zone thickness at the
well simulated at the northeastern corner of the ISCR area was approximately 220 feet thick, and
consequently the injection rate at this location was set at 33 gpm. The other four wells were maintained
at an injection rate of 60 gpm.

Each of the injection wells were simulated to inject fluids for a period of 48 hours and 30 days without
any extraction pumping or hydraulic control to evaluate the potential effects of injection under an
unrealistic worst-case scenario. It should be noted that under no circumstances will Florence Copper
continue to inject raffinate after determination of loss of hydraulic control. If hydraulic control is lost,
Florence Copper will cease injection and will not resume injection until hydraulic control has been
reestablished. Model scenarios simulating injection without hydraulic control for periods of 48 hours
and 30 days were developed based on previous requests by the USEPA; however, they do not represent
planned ISCR operations. Injection without hydraulic control for extended periods is not realistic
because all ISCR solutions are continuously recycled. Consequently, a loss of all recovery well pumping
capacity will quickly result in the cessation of injection due to the lack of solution. Contingency plans
detailed in both the UIC Permit and APP No. P-101704 identify actions to be taken in the event of the
loss of hydraulic control.

* NW Injection Well: Injection at the hypothetical NW Injection Well for a period of 48 hours
without extraction or any type of hydraulic control resulted in horizontal migration of injected
solution, a distance of 138 feet. The maximum distance of horizontal migration was in model
layer 10, where the Sidewinder fault intersects the NW Injection Well. Under this model
scenario, vertical migration was limited to a distance of 40 feet in model layer 6, which
represents the exclusion zone. No vertical migration was simulated to occur within the LBFU
(Figure A-4).

Injection at the hypothetical NW Injection Well for a period of 30 days without extraction or any
type of hydraulic control resulted in horizontal migration of injected solution, a distance of

250 feet. The maximum distance of horizontal migration was in model layer 10, where the
Sidewinder fault intersects the NW Injection Well. Similar to the 48-hour scenario, under this
model scenario, vertical migration was limited to a distance of 40 feet in model layer 6, which
represents the exclusion zone. No vertical migration was simulated to occur within the LBFU
(Figure A-5).
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* NE Injection Well: Injection at the hypothetical NE Injection Well for a period of 48 hours
without extraction or any type of hydraulic control resulted in horizontal migration of injected
solution, a distance of 66 feet. The maximum distance of horizontal migration was in model
layers 7 and 8, which represent the upper Bedrock Oxide Unit. Under this model scenario,
vertical migration was simulated to extend approximately 40 feet through model layer 6 (the
exclusion zone) and into model layer 5 (lower portion of the LBFU). Vertical migration was
simulated to extend approximately 30 feet into the LBFU (Figure A-6). This hypothetical well is
located in the area where the injection zone is thinnest, and the injection rate is consequently
reduced.

Injection at the hypothetical NE Injection Well for a period of 30 days without extraction or any
type of hydraulic control resulted in horizontal migration of injected solution, a distance of

126 feet. The maximum distance of horizontal migration was in model layers 7 and 8, which
represent the upper Bedrock Oxide Unit. Under this model scenario, vertical migration was
simulated to extend a distance of approximately 40 feet through model layer 6 (the exclusion
zone) and 100 feet into model layers 5 and 4 (LBFU). Vertical migration was simulated to extend
approximately 100 feet into the LBFU (Figure A-7).

® SE Injection Well: Injection at the hypothetical SE Injection Well for a period of 48 hours
without extraction or any type of hydraulic control resulted in horizontal migration of injected
solution, a distance of 131 feet. The maximum distance of horizontal migration was in model
layers 7 and 8, which represent the upper Bedrock Oxide Unit. Under this model scenario,
vertical migration was simulated to extend approximately 40 feet through model layer 6 (the
exclusion zone) and 40 feet into model layer 5 (lower portion of the LBFU; Figure A-8). This
hypothetical well is located in the area where the injection zone is relatively thin, and the
injection rate is consequently reduced.

Injection at the hypothetical SE Injection Well for a period of 30 days without extraction or any
type of hydraulic control resulted in horizontal migration of injected solution, a distance of
189 feet. The maximum distance of horizontal migration was in model layers 7 and 8, which
represent the upper Bedrock Oxide Unit. Under this model scenario, vertical migration was
simulated to extend approximately 40 feet through model layer 6 (the exclusion zone) and

80 feet through model layer 5 and into model layer 4 (lower portion of the LBFU). Vertical
migration was simulated to extend approximately 80 feet into the LBFU (Figure A-9).

®* SW Injection Well: Injection at the hypothetical SW Injection Well for a period of 48 hours
without extraction or any type of hydraulic control resulted in horizontal migration of injected
solution, a distance of 116 feet. The maximum distance of horizontal migration was in model
layers 7 and 8, which represent the upper Bedrock Oxide Unit. Under this model scenario,
vertical migration was limited to a distance of 40 feet in model layer 6, which represents the
exclusion zone. No vertical migration was simulated to occur within the LBFU (Figure A-10).

Injection at the hypothetical NW Injection Well for a period of 30 days without extraction or any
type of hydraulic control resulted in horizontal migration of injected solution, a distance of

169 feet. The maximum distance of horizontal migration was in model layers 7 and 8, which
represent the upper Bedrock Oxide Unit. Under this model scenario, vertical migration was
simulated to extend approximately 40 feet through model layer 6 (the exclusion zone) and into
model layer 5 (lower portion of the LBFU). Vertical migration was simulated to extend
approximately 80 feet into the LBFU (Figure A11).
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e Sidewinder Fault Injection Well: Injection at the hypothetical Sidewinder Fault Injection Well
for a period of 48 hours without extraction or any type of hydraulic control resulted in
horizontal migration of injected solution, a distance of 82 feet. The maximum distance of
horizontal migration was in model layers 7 and 8, which represent the upper Bedrock Oxide Unit
and the location where the fault intersects the well. Under this model scenario, vertical
migration was simulated to extend approximately 40 feet through model layer 6 (the exclusion
zone) and into model layer 5 (lower portion of the LBFU). Vertical migration was simulated to
extend approximately 200 feet into the LBFU (Figure A-12).

Injection at the hypothetical Sidewinder Fault Injection Well for a period of 30 days without
extraction or any type of hydraulic control resulted in horizontal migration of injected solution, a
distance of 210 feet. The maximum distance of horizontal migration was in model layers 7

and 8, which represent the upper Bedrock Oxide Unit and the location where the fault intersects
the well. Under this model scenario, vertical migration was simulated to extend a distance of
approximately 40 feet through model layer 6 (the exclusion zone) and through model layer 5
and into model layer 4 (LBFU). Vertical migration was simulated to extend approximately

120 feet into the LBFU (Figure A-13).

The maximum horizontal distance of fluid migration estimated using the 2012 and 2019 FCP model using
the specified variations in hydraulic parameters and loss of hydraulic control for 30 days, was
approximately 250 feet. The furthest distance of migration was simulated at the hypothetical

NW Injection Well, where it penetrates the Sidewinder fault in model layer 10. When considering loss of
hydraulic control for 48 hours, the maximum estimated horizontal migration distance of lixiviant was
only approximately 138 feet, again where the NW Injection Well was simulated to penetrate the
Sidewinder fault in model layer 10. The maximum distance of migration was observed in model layers
where the Sidewinder fault was rendered and assigned conservatively high hydraulic conductivity.

The LBFU varies in thickness between approximately 600 feet on the west side of the ISCR area to less
than 80 feet on the east side of the ISCR area. The NE Injection Well described above was placed in the
area where the LBFU is thinnest on the northeast side of the ISCR area, and where the oxide zone is also
thin. Model simulations were run with an injection rate of 0.15 gpm per foot of injection interval and
the injection rate at the NE Injection Well was set at 33 gpm. The model simulations described above
show that the extent of vertical migration of fluid into and through the LBFU is closely related to the
balance of injection and recovery rates. If the injection at the NE Injection Well described above was
held at 60 gpm, a rate of 0.27 gpm per foot injection interval with no recovery pumping, the injected
solution would migrate vertically further into the LBFU. Depending on the degree of injection and
pumping imbalance, solution could migrate to the LBFU/MFGU contact where the LBFU is thinnest. It is
important to note that this scenario does not reflect planned operations and represents a worst-case
condition where power is lost to the recovery wells, but power continues to be supplied to the injection
well, and the injection rate is nearly doubled.

The transport simulation was performed using MT3D, which simulates both advective and dispersive
transport mechanisms. Because the dispersive mass flux from one model cell to the other is calculated
based on the concentration gradient between two cells, vertical mass transfer through dispersive
transport process can be greatly exaggerated based on the coarseness of the model grid discretization.

A-14



Application for Class Il UIC Permit Attachment A: Map(s) and Area of Review
Florence Copper Project

Without recovery well pumping, long-term injection in the oxide model layers can result in injectate
reaching the LBFU in the vicinity of the injection well because of the upward hydraulic gradient
generated by imbalanced injection. Where the recovery rate is greater than the injection rate, injected
solution does not migrate into the LBFU or to the LBFU/MFGU contact. Using balanced injection and
recovery rates, as planned for ISCR operations, injected solution is not expected to reach the
LBFU/MFGU contact, even where the LBFU is thinnest.

The AOR proposed by Florence Copper is equivalent to the area of the ISCR well field and a
circumscribing width of 500 feet. This AOR is conservative with respect to protecting USDWs because it
provides a factor of safety of between 2 and 4 times the actual distance that raffinate may migrate
under worst-case conditions (30-day excursion), which significantly exceed the maximum 48-hour
excursion addressed in UIC RQUIC-AZ3-FY11-1. The proposed AOR provides a safety factor of 3.6 times
the actual distance (138 feet) that solution may travel during a period of 48 hours.

It is important to understand that there are no realistic scenarios in which injection would continue
without solution recovery from the wellfield. If power is lost to the recovery wells, power will also be
lost to the injection pumps and injection will cease. If power is lost to the recovery wells and injection
pumps, the solution remaining in the ground will migrate at the same rate as ambient groundwater
flow.

The ISCR wellfield will also be equipped with alarms, described in the operations plan included in
Exhibit D-2 of the Application, that will notify Florence Copper personnel of loss of flow from the
recovery wells and prescribes responses to correct the condition.